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© Shroud cooling assembly for a gas turbine. 


© A seal for a gas turbine engine comprises a 
plurality of arcuate seal elements 19 extending 
around a turbine stage and which are spaced 
from each other to define inclined inter- 
segment gaps 33. The segments have cooling 
passages (43) discharging into the gaps 33 
which discharge a film of cooling air, the film 
being discharge so as to enter the working fluid 
flow path with a minimum of momentum 
exchange between the cooling air and the work- 
ing fluid. 
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The present invention relates to seals, and in par- 
ticular to seals for use in gas turbine engines of the 
type having an annular flow path for working fluid. 
The invention is specifically related to a seal formed 
from several seal segments that extend circumferen- 
tially about the engine's longitudinal axis and confine 
the working fluid to the flow path of the engine. 

Axial flow, gas turbine engines typically have a 
compression section, a combustion section and a tur- 
bine section. An annular flow path for the working flu- 
id extends axially through the sections. A stator as- 
sembly extends about the annular flow path for con- 
fining the working fluid to the flow path and for direct- 
ing the fluid along the flow path. 

As the working fluid flows along the flow path, the 
working fluid is pressurized in the compression sec- 
tion and burned with fuel in the combustion section to 
add energy to the working fluid. The hot, pressurized 
working fluid is expanded through the turbine section 
to produce work. A major portion of this work is used 
for driving a free turbine or developing thrust for an 
aircraft. 

A remaining portion of the work generated by the 
turbine section is not used for these purposes. In- 
stead it is used to compress the working fluid itself. A 
rotor assembly extends between the turbine section 
and the compression section to transfer this work 
from the turbine section to the compression section. 
The rotor assembly in the turbine section has rotor 
blades which extend outwardly across the working 
medium flow path. The rotor blades have airfoils 
which are angled with respect to the approaching flow 
to receive work from the working fluid and to drive the 
rotor assembly about the axis of rotation. 

An outer air seal circumscribes the rotor blades to 
confine the working fluid to the flow path. Typically, 
outer air seals are metallic and may or may not be 
coated with ceramic thermal barrier materials to inhib- 
it heat transfer from the working fluid to the seal. The 
outer air seal is part of the stator structure and is 
formed of a plurality of arcuate segments. The stator 
assembly further includes an outer case and a struc- 
ture for supporting the segments of the outer air seal 
from the outer case. The outer case and the support 
structure position the seal segments in close proxim- 
ity to the blades to block the leakage of the working 
fluid past the tips of the blades. As a result, the seg- 
ments are in intimate contact with the hot working flu- 
id, receive heat from the working fluid and are cooled 
to keep the temperature of the segments within ac- 
ceptable limits. Adjacent segments are separated by 
an inter-segment gap which requires secondary flow 
for cooling, purging, and to prevent leakage of the 
working fluid through the seal into the static struc- 
ture. 

The use of cooling air increases the service life 
of the outer air seal in comparison to uncooled outer 
air seals. However, the use of cooling air decreases 


the operating efficiency of the engine because a por- 
tion of the engine's useful work is used to pressurize 
the cooling air in the compressor. A decrease in the 
amount of cooling air required to provide a satisfacto- 

5 ry service life for components such as the outer air 
seal increases the work available for other purposes, 
such as providing thrust or powering a free turbine, 
and increases the overall engine efficiency. 

Accordingly, what is needed is an outer air seal 

10 that minimizes the need for cooling air while providing 
the cooling necessary to extend the useful life of the 
outer air seal. 

From a first aspect, the invention provides a seal 
in or for a gas turbine engine comprising a plurality of 

15 arcuate seal segments extending circumferential ly 
about a turbine stage, said segments being spaced 
circumferentially from one another to define an inter- 
segment gap between adjacent segments, the seg- 
ments having cooling passages discharging into said 

20 gap, the opposed edges of adjacent segments being 
configured such that said gap is inclined in the direc- 
tion of rotation of the turbine. 

From a second aspect, the invention provides an 
engine seal for an axial flow gas turbine engine hav- 

25 ing an axis of rotation defined therethrough, an annu- 
lar flow path concentric with said axis for working fluid 
flowing through at least one turbine stage of said en- 
gine, said one turbine stage including a plurality of 
turbine blades extending outward from said axis, and 

30 said flow path bounded by a static structure, and an 
annular seal secured to said static structure radially 
outward of said one turbine stage, said seal absorb- 
ing heat from said working fluid, said turbine blades 
rotating in a first direction relative to said seal, said 

35 seal comprising: 

a plurality of arcuate seal segments extending 
circumferentially about the flow path, each segment 
spaced radially outward from said turbine blades, 
each seal segment including 

40 an arcuate sealing surface having a first end, 

a second end opposite the first end, and a radius of 
curvature equal to the distance between the sealing 
surface and the axis, 

a supply surface opposite and in spaced rela- 

45 tion to the sealing surface and having a plurality of 
cooling orifices extending therethrough, 

a first end surface extending along the entire 
first end, and a second end surface extending along 
the entire second end, said first and second end sur- 

50 faces extending from said sealing surface to said sup- 
ply surface, each of said first and second end surfac- 
es including a substantially planar perpendicular sur- 
face and a substantially planar canted surface inter- 
secting at an included angle of between 100 degrees 

55 and 140 degrees, and each canted surface is canted 
in the first direction, 

a first side surface and a second side surface, 
each of said side surfaces extending from said seal- 
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ing surface to said supply surface and from said first 
end surface to said second end surface, 

at least one cooling passage extending from 
the first end surface toward the second end surface, 
said cooling passage located between said sealing 5 
surface, said supply surface, and said side surfaces, 
said cooling passage intersecting the first end sur- 
face and terminating short of said second end sur- 
face, and said cooling passage communicating with 
the supply surface through at least one of the cooling 10 
orifices, 

wherein each segment is spaced circumferen- 
tially from each adjacent segment defining an inter- 
segment gap therebetween, cooling air from said 
supply enters said passage through one of said on- 15 
f ices, flows through said passage in a second direc- 
tion and exits said cooling passage into one of said 
inter-segment gaps at said first end surface and dis- 
charges from the inter-segment gap into the working 
fluid of the engine. 20 

From a third aspect, the invention provides a cir- 
cumferential seal comprising: 

a plurality of arcuate seal segments, each seal 
segment including 

an arcuate sealing surface having a first end, 25 
and a second end opposite the first end, 

a supply surface opposite and in spaced rela- 
tion to the sealing surface and having a plurality of 
cooling orifices extending therethrough, 

a first end surface extending along the entire 30 
first end, and a second end surface extending along 
the entire second end, said first and second end sur- 
faces extending from said sealing surface to said sup- 
ply surface, each of said first and second end surfac- 
es including a substantially planar perpendicular sur- 35 
face and a substantially planar canted surface inter- 
secting at an included angle of between 100 degrees 
and 140 degrees, said orifices being adjacent said 
second end surface, 

a first side surface and a second side surface, 40 
each of said side surfaces extending from said seal- 
ing surface to said supply surface and from said first 
end surface to said second end surface, 

at least one cooling passage extending from 
the first end surface toward the second end surface, 45 
each cooling passage being located between said 
sealing surface and said supply surface, each cooling 
passage intersecting the first end surface and termin- 
ating short of said second end surface, each cooling 
passage communicating with the supply surface 50 
through at least one of the cooling orifices, 

■ wherein each segment is located immediately 
adjacent two other of said segments, the first end 
surface of each of said segments is in spaced relation 
to the second end surface of one of said two imme- 55 
diately adjacent segments defining an inter-segment 
gap therebetween, and the second end surface of 
each of said segments is in spaced relation to the first 


end surface of the other of said two adjacent seg- 
ments, defining another inter-segment gap there- 
between. 

From a yet further aspect, the invention provides 
a seal segment comprising: 

a sealing surface having a width and a length, 
said length terminating in first end and a second end 
opposite the first end, said sealing surface being arc- 
uate between said first and second ends, 

a supply surface opposite and in spaced rela- 
tion to the sealing surface and having a plurality of 
cooling orifices extending therethrough, 

a first end surface extending along the entire 
first end, and a second end surface extending along 
the entire second end, said first and second end sur- 
faces extending from said sealing surface to said sup- 
ply surface, each of said first and second end surfac- 
es including a substantially planar perpendicular sur- 
face and a substantially planar canted surface inter- 
secting at an included angle of between 100 degrees 
and 140 degrees, and said orifices being adjacent 
said second end surface, 

a first side surface and a second side surface, 
each of said side surfaces extending from said seal- 
ing surface to said supply surface and from said first 
end surface to said second end surface, 

at feast one cooling passage extending from 
the first end surface toward the second end surface, 
each cooling passage being located between said 
sealing surface, said supply surface and the first and 
second side surfaces, each cooling passage inter- 
secting the first end surface and terminating short of 
said second end surface, each cooling passage com- 
municating with the supply surface through at least 
one of the cooling orifices. 

Accordingly, this invention in its preferred em- 
bodiments provides a cooling enhancement for a gas 
turbine engine blade outer air seal which is made up 
of a plurality of arcuate seal segments, and each has 
one or more internal cooling passages. In the prefer- 
red embodiment, each segment has a supply surface 
opposite and in spaced relation to a sealing surface, 
and first and second end surfaces extending from the 
sealing surface to the supply surface. Each of the end 
surfaces includes a substantially planar perpendicu- 
lar surface and a substantially planar canted surface 
intersecting at an included angle of between 100 de- 
grees and 140 degrees, and the supply surface has 
a plurality of cooling orifices adjacent said second 
end surface. At least one cooling passage extends 
from the first end surface toward the second end sur- 
face, and each cooling passage intersects the first 
end surface and terminates short of the second end 
surface. Each cooling passage communicates with 
the supply surface through at least one of the cooling 
orifices. Protruding from at least one of the substan- 
tially canted surfaces is a plurality of stand-off ped- 
estals that are integral with that canted surface. - 
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A preferred embodiment of the invention will now 
be described, by way of example, with reference to 
the accompanying drawings in which: 

Figure 1 is a cross-sectional view of a portion of 
a gas turbine engine incorporating the seal of the 
present invention. 

Figure 2 is a cross-sectional view of an arcuate 
segment of the seal of the present invention taken 
along line 2-2 of Figure 1. 

Figure 3 is a plan view of the sealing surface of 
one of the segments of the present invention, show- 
ing the cooling passages and stand-off pedestals in 
phantom. 

Figure 4 is a plan view of the supply surface of 
one of the segments of the present invention, with the 
attachment hooks and feather seal channels omitted 
for clarity. 

Figure 5 is an enlarged cross-sectional view tak- 
en along line 5-5 of Figure 2. 

Figure 1 shows a portion of an axial flow gas tur- 
bine engine 10 having an axis of rotation 14 defined 
therethrough and incorporating a seal 11 embodying 
the invention. A portion of one rotor stage 12 of the 
turbine of the engine 10 is shown in Figure 1 and in- 
cludes an annular working fluid flow path 1 3 disposed 
about the axis 14 for the combustion gases that are 
the working fluid of the engine. The turbine stage 12 
has one stator assembly 15 axially upstream of the 
stage 12, and another stator assembly 16 axially 
downstream thereof. The stators 15,16 are part of the 
static structure of the engine 10, and each stator as- 
sembly 15, 16 includes an outer case 17. The outer 
case 17 extends circumferential ly around the flow 
path 13 of working fluid. 

The turbine stage 12 has a plurality of rotor 
blades, which are represented by the single rotor 
blade 18 in Figure 1 , that extend radially outward rel- 
ative to the axis 14 across the flow path 13 into close 
proximity with the outer case 17. An outer air seal 11 
made up of a plurality of arcuate seal segments (rep- 
resented by the single seal segment 19 in Figure 1) 
extends about the axis 14 to radially bound the annu- 
lar flow path 13, and the seal 11 circumscribes the tips 
of the rotor blades 1 8. The outer air seal 1 1 is spaced 
radially inwardly from the outer case 17 leaving a cir- 
cumferentially extending cavity 20 therebetween. 
The cavity 20 is in flow communication with a source 
of cooling air (not shown) and for cooling the seg- 
ments 1 9 of the seal 11 as discussed below. Each arc- 
uate seal segment 19 has an upstream attachment 
hook 21 and a downstream attachment hook 22 to en- 
gage upstream and downstream supports 23, 24, re- 
spectively, which extend inwardly from the outer case 
17. The supports 23, 24 are attached to the outer 
case 17 to support and position the outer air seal 11 
about the rotor blades 18. Each support 23, 24 may 
be segmented to reduce the hoop strength of the sup- 
port 23, 24. 


A first flow path 25 for cooling air extends inward- 
ly of the outer case 17. The cooling air flow path 25 
is bounded by the outer case 17 and extends through 
the engine outwardly of the flow path 1 3 of the work- 
5 ing fluid. The cooling air flow path extends into the 
cavity 20 between the outer air seal 11 and the outer 
case 17. 

Each seal segment 19 of the outer air seal 11 has 
a leading edge 26 and a trailing edge 27. The leading 

w edge 26 is in spaced relation to the adjacent stator as- 
sembly 15 leaving a circumferentially extending cav- 
ity 28 therebetween. The cavity 28 forms a second 
cooling air flow path which extends axially and cir- 
cumferentially beneath the leading edge region. The 

is trailing edge 27 is in spaced relation to adjacent stator 
assembly 16 leaving an annular cavity 29 therebetw- 
een which forms a third cooling airflow path. 

As shown in Figure 2, each seal segment 19 has 
a metallic base 30 that has an arcuate sealing surface 

20 31 that extends circumferentially about the axis 14 
and the flow path 1 3. Each seal segment 1 9 is spaced 
radially outward from the blades 18, and the blades 
1 8 rotate past the segments 1 9 in a first direction 1 00. 
The metallic base is integral with the hooks 21 , 22. Ad- 

25 jacent seal segments 1 9 are spaced circumferentially 
from each other leaving an inter-segment gap 32 
therebetween to allow for thermal expansion of the 
segments 1 9. The inter-segment gap 32 varies in size 
under various operative conditions of the engine 10. 

30 The inter-segment gap 32 terminates at a film slot 33 
at the sealing surface 31 . 

As those skilled in the art will readily appreciate, 
due to the extremely high temperature of the working 
fluid, the segments 19 of the outer air seal 11 absorb 

35 heat from the working fluid. Since the metallic base 
30 is generally made of a material that has relatively 
low creep strength at the temperature of the working 
fluid 13, each of the segments 19 must be cooled to 
maintain the temperature of the metallic base 30 well 

40 below the temperature of the working fluid 13. 

Referring again to Figure 1, each blade 18 ex- 
tends radially outward relative to the axis 14 and ter- 
minates at a blade tip 48. The tip 48 of each 18 blade 
is in spaced relation to the annular seal 11, and the 

45 sealing surface 31 of each segment 1 9 faces the tur- 
bine blades 18 and the working fluid flow path 13. A 
portion of the sealing surface 31 of each segment 19 
radially outward from the blade tip 48 preferably in- 
cludes a coating of an abradable material, and an- 

50 other portion of the sealing surface 31 at the leading 
and trailing edges 26, 27 preferably includes a coat- 
ing of a thermal barrier material. Such abradable and 
thermal barrier materials are well known in the art, 
and therefore are not detailed further in this disdo- 

55 sure. 

Referring now to Figure 2, opposite the sealing 
surface 31 , and radially outward therefrom, is a cool- 
ant supply surface 40 that is substantially parallel to, 
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but offset from, the sealing surface 31 . The coolant 
supply surface 40 has a plurality of cooling air inlet or- 
ifices 41 extending therethrough. These orifices 41 
are sized to meter the flow of cooling air therethrough 
based on the supply pressure of the cooling air and s 
the desired heat transfer from the seal segments 19. 

Referring now to Figures 3 and 4, the arcuate 
sealing surface of each seal segment 19 has a first 
end 50 and a second end 52 opposite the first end 50. 
The arcuate sealing surface 31 has a radius of cur- 10 
vature equal to the distance 54 between the sealing 
surface 31 and the axis 14 as shown in Figure 1. Each 
segment 19 has a first end surface 56 extending 
along the entire first end 50 of the sealing surface 31 , 
and a second end surface 58 extending along the en* is 
tire second end 52. As shown in Figure 5, the first and 
second end surfaces 56, 58 extend from the sealing 
surface 31 to the supply surface 40, and each of the 
first and second end surfaces 56, 58 has a substan- 
tially planar perpendicular surface 60, 62 and a sub- 20 
stantially planar canted surface 64, 66. The planar 
and canted surfaces 60, 62, 64, 66 of each end sur- 
face 56, 58 intersect at an included angle 0 of be- 
tween 100 degrees and 140 degrees, and each cant- 
ed surface 64, 66 is canted in the first direction 100. 25 
As used herein, the phrase "canted in the first direc- 
tion" means that for a given reference point 68 on one 
of the canted surfaces 64, 66, any other reference 
point 70 on that canted surface 64, 66 which lies to the 
first direction (i.e. to the left in Figure 5) of the given 30 
reference point 68 is spaced from the sealing surface 
31 a distance which is less than the distance of the 
given reference point from the sealing surface 31. 

Referring again to Figure 1 f each segment 1 9 has 
a first side surface 72 and a second side surface 74, 35 
and each of the side surfaces 72, 74 extends from the 
sealing surface 31 to the supply surface 40, and, as 
shown in Figure 3, from the first end surface 56 to the 
second end surface 58. Between the supply surface 
40 and the sealing surface 31 there are, preferably, 40 
a plurality of cooling passages 43 extending along the 
length of the segment 1 9 from the first end surface 56 
toward the second end surface 58. The cooling pas- 
sages 43 are located between the sealing surface 31 , 
the supply surface 40, and the side surfaces 72, 74, 45 
and each of the cooling passages 43 is separated 
from adjacent cooling passages 43 by a wall 76 there- 
between. Each cooling passage 43 intersects the first 
end surface 56 and terminates short of the second 
end surface 58. Each cooling passage 43 communi- so 
cates with the supply surface 40 through at least one 
of the cooling orifices 41 . Although the preferred em- 
bodiment is shown and described in terms of a seg- 
ment having a plurality of passages 43, a single, wide 
passage having a plurality of columns or pedestals 55 
therein would also suffice, so long as the quantity and 
placement of the columns is sufficient to provide heat 
transfer from the sealing surface to the cooling air in 


the passage, and also sufficient to support the seal- 
ing surface against collapse into the passage in the 
event the blades 18 rub into the sealing surface 31. 

As shown in Figures 2-4, each of the orifices 41 
is adjacent said second end surface 58 and each 
cooling passage 43 communicates with the first end 
surface 56 of the same segment 19 through at least 
one passage outlet 78. Thus, cooling air entering the 
orifices 41 must flow through the passages 43 in a 
second direction 102 which is opposite the direction 
100 of rotation of the blades 18 (the first direction 
100). 

The second end surface 58 of each segment 19 
includes a quantity of cooling air feed pockets 80 
equal to the quantity of passage outlets 78 in the first 
end surface 56 of the same segment 19. The purpose 
of the feed pockets 80 is to receive and turn the cool- 
ing air flowing from the passages 43, and feed the 
cooling air flowing from the passage outlets 78 so 
that the cooling air flows into the adjacent inter-seg- 
ment gap 32, as shown in Figure 5. Accordingly, each 
feed pocket 80 is aligned with one of the cooling pas- 
sage outlets 78 of one of the adjacent segments 19. 

Protruding from at least one of the substantially 
planar canted surfaces 66 of each segment 19 are a 
plurality of stand-off pedestals 82. The pedestals 82 
insure that a minimum flow area is maintained in the 
inter-segment gap 32 during all engine operating con- 
ditions. The pedestals 82 are integral with one of the 
substantially canted surfaces 66, and extend toward 
one of the substantially planar canted surfaces 64 of 
one of the adjacent segments 19. Although the ped- 
estals 82 are shown as being integral with the canted 
surface 64 of the second end surface 58, those skil- 
led in the art will readily appreciate that the pedestals 
82 could be integral with the canted surface 64 of the 
first end surface 56, or some of the pedestals 82 
could be integral with the canted surface 64 of the 
first end surface 56 and other pedestals 82 could be 
integral with the canted surface 66 of the second end 
surface 58, the latter pedestals 82 being offset from 
the pedestals 82 of the canted surface 64 of the first 
end surface 56. The pedestals 82 of each segment 1 9 
are preferably aligned in a row extending between the 
first side surface 72 and the second side surface 74 
of each segment 19, as shown in Figure 4. 

Referring now to Figure 5, the sealing surface 31 
of each segment is radiused 84 where it joins the sub- 
stantially planar canted surface 66 of the second end 
surface 58. This radius 84, or curvature 84, provides 
a smooth transition between substantially planar 
canted surface 66 of the second end surface 58 and 
the sealing surface 31 of the same segment 19. The 
radius of curvature of this transition 84 is not critical, 
but those skilled in the art will appreciate that during 
some engine operating conditions, the blades 18 are 
likely to rub into the sealing surface 31 of each seg- 
ment 19. If the second end 52 of the sealing surface 
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31 were not radiused, the segment tip 86 (where the 
second end of the sealing surface 31 meets the sec- 
ond end surface 58) may break off due to the small 
cross-sectional area of the segment at the second 
end 52 of the sealing surface 31 . 

Each of the substantially planar perpendicular 
surfaces 60, 62 of each segment 19 includes a chan- 
nel 88, 90 located between the first side surface 72 
and the second side surface 74. The channels 88, 90 
of each segment 19 are substantially parallel to the 
supply surface 40 thereof, as shown in Figure 5. (The 
channels have been omitted from Figures 3 and 4 for 
clarity purposes, since the purpose of those figures is 
to show other features of the segments 19.) Each 
channel 88, 90 is opposed to, and in spaced relation 
to, one of the channels 88, 90 of one of the adjacent 
segments 19, and an inter-segment feather seal 92 
extends between each of the opposed channels 88, 
90 to prevent direct communication of the cooling air 
between the supply surface 40 and the inter-segment 
gap 32. 

In operation, cooling air from the cavity 20 flows 
into the cooling air passages 43 through the metering 
orifices 41 located at the supply surface 40 of the seal 
segment 19. The cooling air then flows through the 
passages 43 in a direction 1 02 opposite the direction 
100 of the rotation of the blades 18, thereby cooling 
the walls 76 and absorbing heat that has been con- 
ducted from the sealing surface 31 of the segment 19. 
The spent cooling air then exits the passages 43 
through one of the discharge outlets 78 and collects 
in the feed pocket 80 aligned therewith. 

The cooling air is then directed into the inter-seg- 
ment gap 32, where it flows out past the pedestals 82 
to provide film cooling of the sealing surface 31. The 
film travels in the direction 100 of the rotation of the 
blades 18, and cools the sealing surface 31 adjacent 
the first end surface 56. By introducing the cooling air 
into the passages 43 adjacent the second end sur- 
face 58 of the segment 19 and flowing the cooling air 
in a direction 102 opposite that of the rotation of the 
blades 1 8, the cooling air is used to cool the portion 
of the sealing surface 31 which is distant from first 
end surface 56 (i.e. the portion of the sealing surface 
31 which is both cooled and protected by thef ilm cool- 
ing). Thus, the sealing surface 31 distant from the 
first end surface 56 is cooled by conductive heat 
transfer to the cooling air at its coolest temperature, 
producing a higher conductive heat transfer rate than 
occurs between the cooling air and the sealing sur- 
face 31 adjacent the first end surface 56. The lower 
heat transfer rate adjacent the first end surface 56 is 
acceptable since the sealing surface is both cooled 
and shielded by the film of spent cooling air adjacent 
the first end surface 56 of the segment 19. 

The blade outer air seal 11 uses the inter-seg- 
ment gap 32 to create a film slot 33 that inhibits work- 
ing fluid 13 infiltration into the inter-segment gap 32 


and eliminates the need for additional purge air. It 
uses spent convective cooling air to purge the inter- 
segment gap 32 and discharges the cooling air 
through the film slot 33 tangentially as a cooling air 

5 film to provide supplemental film cooling of the blade 
outer air seal. As those skilled in the art will readily ap- 
preciate, by canting the inter-segment gap 32 in the 
direction 100 of blade rotation, the "bow-wave" from 
the suction-side of the blade tip 48 assists in spread- 
to ing the film across the sealing surface 31 of the seg- 
ment 1 9. The boundary layer attachment of the higher 
density cooling film is enhanced by the centrifugal 
Grashof effect, and a high tangential velocity results 
from the combined effects of the cooling air film in- 

15 jection direction and blade wiping. As a result, the 
sealing surface 31 is subjected to a cooler boundary 
layer, and mixing with the working fluid flow path is at- 
tenuated by this buoyancy effect. As shown in Figure 
2, the circumferential length 104 of the sealing sur- 

20 face 31 of each segment 1 9 is preferably chosen such 
that the cooling air film discharged from the inter-seg- 
ment gap 32 and film slot 33 will travel from the first 
end surface 56 of a segment 19 to the second end 
surface 58 of the sealing surface 31 of that segment 

25 19 prior to being forced downstream of the blade out- 
er air seal 11 by the working fluid 13 of the engine 10. 
The film slot 33 configuration shields the inter-seg- 
ment feather seal 92 from infiltration by the working 
fluid 13 of the engine 10. Since the feed pockets 80 

30 prevent convective air supply blockage with in the 
event that thermal expansion or blade rub induces 
closure of the inter-segment gap 32, circumferential 
tolerances of the segments 19 of the present inven- 
tion are less critical than those of the prior art 

35 It will be seen that in its preferred embodiments 

at least, the invention provides an outer air seal that 
minimizes the need for cooling air while providing the 
cooling necessary to extend the useful life of the out- 
er air seal, uses spent cooling air to purge the inter- 

40 segment gap, thereby reducing the need for second- 
ary cooling air, and introduces the film cooling air into 
the working fluid of the engine at a trajectory that min- 
imizes mixing between the cooling air and the work- 
ing fluid. 

45 Although this invention has been shown and de- 

scribed with respect to a detailed embodiment there- 
of, it will be understood by those skilled in the art that 
various changes in form and detail thereof may be 
made without departing from the scope of the 

so claimed invention. 


Claims 

55 1 . A seal in or for a gas turbine engine comprising a 
plurality of arcuate seal segments (1 9) extending 
circumferentially about a turbine stage (12), said 
segments (19) being spaced circumferentially 
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from one another to define an inter-segment gap 
(33) between adjacent segments, the segments 
(19) having cooling passages (43) discharging 
into said gap (33), the opposed edges of adjacent 
segments (19) being configured such that said 5 
gap (33) is inclined in the direction (100) of rota- 
tion of the turbine. 

2. A seal as claimed in claim 1 wherein the gap is 
inclined at an angle of between about 1 0° and 50° 10 
to the surface of the seal. 

3. An engine seat for an axial flow gas turbine en- 
gine having an axis of rotation (14) defined there- 
through, an annular flow path (15) concentric 15 
with said axis for working fluid flowing through at 
least one turbine stage (12) of said engine, said 

one turbine stage including a plurality of turbine 
blades (18) extending outward from said axis, 
and said flow path bounded by a static structure, 20 
and an annular seal (11) secured to said static 
structure radially outward of said one turbine 
stage, said seal absorbing heat from said working 
fluid, said turbine blades rotating in a first direc- 
tion (100) relative to said seal, said seal compris- 25 
ing: 

a plurality of arcuate seal segments (19) 
extending circumferential ly about the flow path, 
each segment spaced radially outward from said 
turbine blades, each seal segment including 30 

an arcuate sealing surface (31) having a 
first end, a second end opposite the first end, and 
a radius of curvature equal to the distance be- 
tween the sealing surface and the axis, 

a supply surface (40) opposite and in 35 
spaced relation to the sealing surface (31) and 
having a plurality of cooling orifices (41) extend- 
ing therethrough, 

a first end surface (56) extending along 
the entire first end, and a second end surface 40 
(58) extending along the entire second end, said 
first and second end surfaces extending from 
said sealing surface (31) to said supply surface 
(40), each of said first and second end surfaces 
including a substantially planar perpendicular 45 
surface (60;62) and a substantially planar canted 
surface (64;66) intersecting at an included angle 
of between 100 degrees and 140 degrees, and 
each canted surface is canted in the first direc- 
tion, 50 

a first side surface (72) and a second side 
surface (74), each of said side surfaces extend- 
ing from said sealing surface (31) to said supply 
surface (40)tiand from said first end surface 
(60;62) to said second end surface (64;66), 55 

: at least one cooling passage (43) extend- 
ing from the first end surface (56) toward the sec- 
ond end surface (58), said cooling passage locat- 


ed between said sealing surface (31 ), said supply 
surface (40), and said side surfaces (72,74), said 
cooling passage intersecting the first end surface 
(56) and terminating short of said second end 
surface (58), and said cooling passage commu- 
nicating with the supply surface through at least 
one of the cooling orifices (41), 

wherein each segment (19) is spaced cir- 
cumferential ly from each adjacent segment de- 
fining an inter-segment gap (33) therebetween, 
cooling air from said supply enters said passage 
(43) through one of said orifices (41), flows 
through said passage in a second direction and 
exits said cooling passage into one of said inter- 
segment gaps at said first end surface (56) and 
discharges from the inter-segment gap (33) into 
the working fluid of the engine. 

4. The engine seal of claim 3 wherein each segment 
includes 

a plurality of said cooling passages (43) 
that communicate with said orifices (41), each of 
said orifices (41) is adjacent said second end sur- 
face (58), each cooling passage (43) communi- 
cates with the first end surface (56) of said seg- 
ment through at least one passage outlet (78), 
each of said cooling passages (43) is separated 
from adjacent cooling passages (43) by a wall 
(76) therebetween, the cooling airflows through 
each passage (43) in the second direction, and 
the second direction is opposite said first direc- 
tion. 

5. The seal of claim 4 wherein the second end sur- 
face (58) of each segment (19) includes a quan- 
tity of cooling air feed pockets (80) equal to the 
quantity of passage outlets (78) in the first end 
surface (56) of the same segment, and each feed 
pocket (80) is aligned with one of the passage 
outlets (78) of one of the adjacent segments, said 
feed pockets (80) for receiving and turning air 
flowing into the inter-segment gaps (33). 

6. A circumferential seal comprising: 

a plurality of arcuate seal segments (19), 
each seal segment including 

an arcuate sealing surface (31) having a 
first end, and a second end opposite the first end, 

a supply surface (40) opposite and in 
spaced relation to the sealing surface (31) and 
having a plurality of cooling orifices (41) extend- 
ing therethrough, 

a first end surface (56) extending along 
the entire first end, and a second end surface 
(58) extending along the entire second end, said 
first and second end surfaces (56,58) extending 
from said sealing surface (31) to said supply sur- 
face (40), each of said first and second end sur- 
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faces including a substantially planar perpendic- 
ular surface (60,62) and a substantially planar 
canted surface (64,66) intersecting at an includ- 
ed angle of between 100 degrees and 140 de- 
grees, said orifices (41) being adjacent said sec- 
ond end surface, 

a first side surface (72) and a second side 
surface (74), each of said side surfaces extend- 
ing from said sealing surface (31) to said supply 
surface (40) and from said first end surface (56) 
to said second end surface (58), 

at least one cooling passage (43) extend- 
ing from the first end surface (56) toward the sec- 
ond end surface (58), each cooling passage (43) 
being located between said sealing surface (31) 
and said supply surface (40), each cooling pas- 
sage intersecting the first end surface (56) and 
terminating short of said second end surface 
(58), each cooling passage communicating with 
the supply surface (40) through at least one of the 
cooling orifices (40), 

wherein each segment (19) is located im- 
mediately adjacent two other of said segments, 
the first end surface (56) of each of said seg- 
ments is in spaced relation to the second end sur- 
face (58) of one of said two immediately adjacent 
segments defining an inter-segment gap (33) 
therebetween, and the second end surface (58) 
of each of said segments (19) is in spaced rela- 
tion to the first end surface (56) of the other of 
said two adjacent segments, defining another in- 
ter-segment gap (33) therebetween. 

7. The seal of claim 6 wherein each segment in- 
cludes 

a plurality of said cooling passages (43), 
each cooling passage communicates with the 
first end surface (56) of said segment (19) 
through at least one passage outlet (78), and 
each of said cooling passages (43) is separated 
from adjacent cooling passages by a wall (76) 
therebetween. 

8. The seal of claim 7 wherein the second end sur- 
face (58) of each segment (19) includes a quan- 
tity of cooling air feed pockets (80) equal to the 
quantity of passage outlets (78) in the first end 
surface (56) of the same segment (19), and each 
feed pocket (80) Is aligned with one of the pas- 
sage outlets (78) of one of the adjacent seg- 
ments. 

9. The seal of any of claims 3 to 8 wherein each seg- 
ment (19) further includes a plurality of stand-off 
pedestals (82) protruding from one of the sub- 

: stantially canted surfaces (66) thereof toward 
one of the canted surfaces (68) of one of the ad- 
jacent segments, and said pedestals (88) are in- 


tegral with one of the substantially canted surfac- 
es (66,68). 

10. The seal of claim 9 wherein the pedestals (82) of 
5 each segment (19) are aligned in a row extending 

between the first side surface (72) and the sec- 
ond side surface (74) thereof. 

11. The seal of any of claims 3 to 10 wherein the seal- 
to ing surface (31) of each segment is radrused 

where it joins the second substantially canted 
surface (66) thereof, thereby providing a smooth 
transition between the second substantially cant- 
ed surface (66) and the sealing surface (31) 
15 thereof. 

12. The seal of any of claims 3 to 11 wherein said 
each of the substantially perpendicular surfaces 
(60,62) of each segment (19) includes a channel 

20 (88,90), the channels (88,90) of each segment 

(19) are substantially parallel to the supply sur- 
face (40) thereof, each channel (88,90) is in 
spaced relation and opposed to the one of the 
channels of one of the adjacent segments, and an 

25 inter-segment seal (92) extends between each of 

said opposed channels (88,90). 

13. A seal segment comprising: 

a sealing surface (31) having a width and 

30 a length, said length terminating in first end and 

a second end opposite the first end, said sealing 
surface (31) being arcuate between said f irst and 
second ends, 

a supply surface (40) opposite and in 

35 spaced relation to the sealing surface (31) and 

having a plurality of cooling orifices (41) extend- 
ing therethrough, 

a first end surface (56) extending along 
the entire first end, and a second end surface 

40 (58) extending along the entire second end, said 

first and second end surfaces (56,58) extending 
from said sealing surface (31) to said supply sur- 
face (40), each of said first and second end sur- 
faces including a substantially planar perpendic- 

45 ular surface (60;62) and a substantially planar 

canted surface (64;66) intersecting at an includ- 
ed angle of between 100 degrees and 140 de- 
grees, and said orifices (41) being adjacent said 
second end surface (58), 

so a first side surface (72) and a second side 

surface (74), each of said side surfaces extend- 
ing from said sealing surface (31) to said supply 
surface (40) and from said first end surface (56) 
to said second end surface (58), 

55 at least one cooling passage (43) extend- 

ing from the first end surface (56) toward the sec- 
ond end surface (58), each cooling passage (43) 
being located between said sealing surface (31 ), 
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said supply surface (40) and the first and second 
side surfaces (72,74), each cooling passage (43) 
intersecting the first end surface (56) and termin- 
ating short of said second end surface (58), each 
cooling passage (43) communicating with the s 
supply surface (40) through at least one of the 
cooling orifices (41). 

14. The seal segment of claim 13 further comprising 

a plurality of said cooling passages (43), 10 
each cooling passage (43) communicating with 
the first end surface (56) through at least one 
passage outlet (78), and each of said cooling pas- 
sages (43) is separated from adjacent cooling 
passages by a wall (76) therebetween. 1 s 

15. The seal segment of claim 14 wherein the second 
end surface (58) includes a quantity of cooling air 
feed pockets (80) equal to the quantity of pas- 
sage outlets (78) in the first end surface, and 20 
each feed pocket (80) is aligned with one of the 
passage outlets (78). 

16. The seal segment of any of claims 13 to 15 further 
comprising a plurality of stand-off pedestals (82) 25 
protruding from one of the substantially canted 
surfaces (66) thereof, and said pedestals (82) are 
integral with one of the substantially canted sur- 
faces. 

30 

17. The seal segment of claim 16 wherein said ped- 
estals (82) are aligned in a row extending be- 
tween the first side surface (72) and the second 
side surface (74). 

35 

18. The seal segment of any of claims 13 to 17 where- 
in the sealing surface (31) is radiused where it 
joins the second substantially canted surface 
(66), thereby providing a smooth transition be- 
tween the second substantially canted surface 40 
and the sealing surface. 

19. The seal segment of any of claims 13 to 18 where- 
in said each of the substantially perpendicular 
surfaces (60,62) includes a channel (88,90), 45 
each channel is substantially parallel to the sup- 
ply surface (40), and each channel (88,90) is lo- 
cated between the first side surface (72) and the 
second side surface (74). 
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